Background. HIV and bacterial sexually transmissible infection (STI) notifications among men who have sex with men (MSM) have increased in Australia and many other countries. The relationship between HIV infection and other STIs has been demonstrated previously. However, the relationship between the cumulative history of STIs and subsequent HIV infection remains largely unexplored and limits our understanding of the mechanisms underpinning the elevated HIV risk.
Over recent decades, HIV notifications among men who have sex with men (MSM) have increased in many high-income countries [1] , and this has occurred in conjunction with increased notifications of bacterial sexually transmissible infections (STIs) in a number of countries including Australia [2] [3] [4] [5] . Australia wide, in 2016, 75% of the HIV notifications were among MSM, and in the state of Victoria, the 312 HIV notifications made in 2016 represented an 18% increase since 2007. Additionally, there has been an increase in bacterial STI notifications with the 6328 gonorrhea and 1138 syphilis notifications made in 2016, representative of a ~6-fold increase in gonorrhea and almost a 3-fold increase in syphilis notifications compared with 2007 [6] . Australian guidelines recommend HIV and STI testing up to 4 times per year for HIV-negative MSM who report condomless anal sex and/or report >10 partners in 6 months [7] . Despite this recommendation, previous studies have reported quarterly HIV testing to be uncommon among MSM reporting these behaviors, with only 15% of MSM retested within 3 months [8] .
HIV and bacterial STIs share common routes of sexual transmission, and risk is typically related to inconsistent condom use and a high number of sex partners [9] , and the association between STIs and increased risk of HIV infection is well established among MSM [10] [11] [12] . However, there are few data describing the effect of repeated STIs on HIV infection risk. Findings from studies conducted in Baltimore [13] and Denmark [14] reported an increased risk of HIV infection among MSM following repeated compared with single syphilis infections, and another study in San Francisco reported that rectal chlamydia and/or gonorrhea reinfections among MSM increased risk of HIV infection approximately 8-fold compared with MSM with a single rectal infection [15] . Conversely, sentinel surveillance data from clinics in Melbourne showed an association between single syphilis infection in the previous 2 years and an HIV infection, but no association was found with repeat syphilis or chlamydia infections. This study, however, did not include data related to gonorrhea infection [16] .
Some MSM experience multiple STIs, and there is evidence that this may be concentrated among MSM living with or at risk of HIV infection [17] , yet no studies have examined the independent association between chlamydia, gonorrhea, or syphilis infection and HIV infection risk, including both single infections and repeated infections, while also controlling for sexual behaviors. Examining how HIV risk relates to single and repeated STIs may help inform our limited understanding of the biological [18] and potential causal [19] mechanisms underpinning the association between rectal bacterial STIs and HIV risk among MSM, which has been explored in more detail in relation to vaginal and penile inflammation among heterosexual females and males [20, 21] .
Using patient-level linked data from a primary care sentinel surveillance system of high-HIV caseload clinics, we examined the relationship between patients' cumulative history of STIs and having an STI at the prior test event and risk of subsequent HIV infection among MSM.
METHODS

Data Collection
Data for this study were collected as part of the Victorian Primary Care Network for Sentinel Surveillance on Blood Borne Viruses and Sexually Transmissible Infections (VPCNSS), which has been described previously [22] . Briefly, VPCNSS links patients' HIV and other STI testing data over time with demographic and behavioral data self-reported by patients at the time of testing. This study utilized VPCNSS data collected between 2007 and 2014 from a large sexual health center and 2 primary care clinics with a high-MSM patient base in inner-suburban Melbourne. Over this time, these clinics diagnosed approximately 50% of HIV notifications in the state of Victoria [23] .
Ethics
Ethics approval for VPCNSS was obtained from 6 Human Research Ethics Committees. B.L.H. was added as a student researcher through The Alfred Hospital Ethics Committee.
Inclusion and Exclusion Criteria
To identify incident HIV infection, HIV-negative MSM were included in this study if they tested negative for HIV at their first test event and had at least 1 subsequent HIV test between 2007 and 2014. MSM status was determined as either a male with any history of self-reporting a male sex partner or males with any history of rectal STI testing [24] . Data from HIVnegative MSM reporting no male sexual partners in the previous 6 months, any history of injection drug use, and/or a current regular HIV-positive partner were excluded a priori on a test-by-test basis. HIV test events that did not include concurrent rectal chlamydia, rectal gonorrhea, and syphilis tests were also excluded on a test-by-test basis.
Outcome
The outcome was incident HIV infection, defined as a positive HIV diagnosis, measured as a positive enzyme-linked immunosorbent assay test and confirmed by Western blot during the study period, occurring among patients with at least 1 previous negative HIV test result.
Exposures
Patients' STI diagnosis at their prior test and their cumulative history of STIs, including rectal chlamydia/gonorrhea and syphilis, were the primary exposures, and condom use and number of sexual partners were included to control for confounding from these sexual behaviors. All exposures were lagged to the prior test event(s) to temporally separate the exposure and response, accounting for the possibility of HIV infection preceding an STI.
Sexually Transmissible Infections at the Prior Test
Rectal chlamydia, rectal gonorrhea, and syphilis infections were modeled as time-varying dichotomous measures of infection. Figure 1b shows an example testing history for hypothetical patient, defined as having a rectal gonorrhea infection at test events 2 and 4.
Cumulative Sexually Transmissible Infections
Cumulative STI histories were modeled as monotonic cumulative time-varying exposures permitting estimation of a cumulative effect of repeated infection on the risk of HIV infection. Patients were treated as having no, 1, or ≥2 (repeated) infections during the observation period. A positive rectal chlamydia or gonorrhea test within 45 or 60 days of a previous diagnosis, respectively, was treated as the same infection to account for tests of cure. Figure 1c shows an example testing history for a hypothetical patient, defined as having a cumulative history of 1 rectal gonorrhea infection at test events 2 and 3 and a cumulative history of 2 rectal gonorrhea infections at test events 4 and 5.
Sexual Behaviors
Self-reported condom use (any inconsistent condom use vs consistent condom use in the last 6 months) and number of sex partners in the last 6 months (1-5 partners vs 6+ partners) were treated as time-varying dichotomous exposures. The recall period was past 12 months at the sexual health center and past 6 months at primary care clinics. Number of sex partners was adjusted to the past 6 months by halving the number reported by sexual health center patients [16] .
Using patient test observation data, discrete time survival analysis using generalized linear modeling (GLM) with a binomial distribution and complementary log-log link function estimated the risk of HIV infection associated with STIs and sexual behavior. Discrete time modeling was used because the precise date of HIV infection was unknown and therefore intervalcensored. Estimates from discrete time models were offset for the log of days between test events to account for patient variability in HIV exposure between test events. Discrete indicators for each test event were included in GLM analyses to permit variation in the baseline hazard across test events (ie, permitting the overall risk of HIV infection-independent of the effect of model covariates-to vary with time). STI and behavioral exposures were estimated as time-varying exposures and lagged to testing events before HIV test outcomes in GLM analyses (ie, risk of HIV infection was regressed against STIs, number of sexual partners, and condom use classified at the prior testing event).
Inference for differences in HIV infection risk between MSM included and not included in the analyses was estimated by a chi-square test of independence. Wald tests were used to provide inference for both the joint significance of polytomous indicator variables (ie, cumulative STI factors) and postestimation comparisons between these variables (eg, comparison of the difference in hazard ratios between 1 and ≥2 STIs). All analyses were completed with Stata/SE 13.1 (StataCorp, College Station, TX). MSM received a median (IQR) of 4 (2-6) HIV tests, and the median time between HIV tests (IQR) was 6 (4-10) months. Two hundred twenty-seven (2.5%) were diagnosed with HIV over the observation period. More than 90% of the 8941 MSM were never diagnosed with rectal gonorrhea or syphilis, and >85% were never diagnosed with chlamydia ( Table 2) . Rectal chlamydia was the most common STI diagnosed among the 22 815 tests, with 1589 (7%) positive rectal chlamydia tests recorded among 1240 MSM; 965 (10.8%) MSM were diagnosed once, and 275 (3.1%) were diagnosed with repeat infections. There were 849 (3.7%) positive rectal gonorrhea tests recorded among 718 MSM, with 613 (6.9%) MSM diagnosed once and 105 (1.2%) diagnosed with repeat infections. There were 355 (1.6%) positive syphilis tests recorded among 332 MSM, with 312 (3.5%) MSM diagnosed once and 20 (0.2%) diagnosed with repeat infections. Of MSM classified as having repeat infections, the vast majority had only 2 rectal chlamydia (81%), rectal gonorrhea (83%), and syphilis (90%) infections. At the test event before a positive HIV diagnosis or end of study censoring for MSM who remained HIV negative, ~30% reported ≥6 sexual partners and 50% reported inconsistent condom use in the prior 6 months.
RESULTS
Between
There was no significant association between HIV diagnosis and age <30 years (hazard ratio [HR], 1.07; 95% confidence interval [CI], 0.76-1.51), Aboriginal or Torres Strait Islander status (HR, 1.10; 95% CI, 0.35-3.47), or non-Australian country of birth (HR, 0.95; 95% CI, 0.68-1.34) in unadjusted analyses, and these variables were not included in adjusted analyses. 
Cumulative Sexually Transmitted Infections
Compared with MSM with no history of gonorrhea diagnosis, a history of single or repeated rectal gonorrhea diagnosis was jointly associated with risk of HIV infection (Wald χ 2 (2) = 18.4; P < .001). Conversely, a history of single or repeated syphilis diagnosis (Wald χ 2 (2) = 4; P = .138) was not jointly associated with an increased risk of HIV infection, nor was a history of single or repeated rectal chlamydia diagnosis (Wald χ 2 (2) = 5.7; P = .058). In adjusted analyses, as shown in Table 3 , risk of HIV infection was higher for those with ≥2 previous rectal gonorrhea diagnoses (adjusted hazard ratio [aHR], 6.27; 95% CI, 2.68-14.50; Wald χ 2 (1) = 18.1; P < .001) or 1 previous (aHR, 2.09; 95% CI, 1.15-3.79; Wald χ 2 (1) = 5.82; P = .016) rectal gonorrhea diagnosis, compared with MSM with no rectal gonorrhea diagnosis. The 3-times-greater HIV risk for MSM with repeat rectal gonorrhea diagnoses compared with those with 1 diagnosis was statistically significant (Wald χ 2 (1) = 7.56; P = .006).
Sexually Transmitted Infection at Prior Test
A positive rectal chlamydia (aHR, 1.43; 95% CI, 0.76-2.69; Wald χ 2 (1) = 1.23; P = .264), rectal gonorrhea (aHR, 1.54; 95% CI, 0.75-3.14; Wald χ 2 (1) = 1.40; P = .238) or syphilis diagnosis (aHR, 1.13; 95% CI, 0.35-3.67; Wald χ 2 (1) = 0.04; P = .839) at the prior test event was not associated with subsequent HIV infection risk in the adjusted analysis.
Sexual Behaviors
MSM who reported inconsistent condom use (aHR, 1.83; 95% CI, 1.31-2.56; Wald χ 2 (1) = 12.5; P < .001) and ≥6 sexual partners (aHR, 1.57; 95% CI, 1.13-2.16; Wald χ 2 (1) = 7.43; P = .007) in the previous 6 months at the preceding test event were at increased risk of HIV infection in the adjusted analysis.
DISCUSSION
To our knowledge, this is the first study to examine the independent effects of cumulative rectal chlamydia, rectal gonorrhea, and syphilis diagnoses on HIV infection risk among MSM. A cumulative history of repeated rectal gonorrhea diagnosis was strongly associated with increased risk of HIV infection. Although this result partly reflects previous findings showing elevated HIV risk among MSM with 2 rectal gonorrhea and/or chlamydia infections in the past 2 years [15] , we show that the greatest association of HIV risk is with rectal gonorrhea and that it is independent of rectal chlamydia. Conversely, infection with syphilis or rectal chlamydia or gonorrhea at the prior test event was not associated with HIV risk when adjusted for selfreported condom use and number of sexual partners.
Our findings showing a lack of association between HIV risk and an STI diagnosis at the prior test event contrast with previous analyses of data from the same sexual health center that contributed data to our analyses [10] . However, our analyses , resulting in the highest and second highest PAFs, respectively. Although inconsistent condom use during anal intercourse remains an important risk factor for HIV infection, all MSM included in our analyses underwent rectal STI screening, and it is therefore assumed that they were engaging in receptive anal intercourse. Additionally, the behavioral data collected indicate that half were engaging in condomless anal intercourse. It has been suggested that condomless anal intercourse alters the rectal mucosa, increasing HIV risk [25] ; however, our findings suggest that the act of condomless anal intercourse itself may not fully explain the increased risk of HIV infection and support a previous suggestion of rectal STIs potentially having a biological causative impact on HIV infection risk [18, 19] .
There is a body of work indicating that STIs may enhance HIV vulnerability through genital inflammation [20] in the female reproductive tract and inner foreskin of the penis [21] , but there is a paucity of data on the immune response to STIs in the rectum. The absence of an association of HIV risk with STIs at the prior test event in our study may be the result of successful treatment for STIs and subsequent reduction in rectal inflammation; given the high caseload nature of the clinics contributing data to this study, it is assumed that MSM were treated for their diagnosed STI, as per guidelines. It is possible that heightened HIV risk with repeated rectal gonorrhea may be associated with continuous or repeated influx of HIV target cells to the rectal mucosa, even following treatment, as has been reported to occur with herpes simplex virus [26] . Additionally, it is possible that the immunological response to gonorrhea infection following previous infection may increase HIV risk due to the recruitment of tissue-damaging neutrophils [27] . As suggested by Kelley et al., there is a clear need for longitudinal studies to understand the long-term effects of rectal inflammation on HIV risk among MSM [25] . Our findings suggest that this needs to include the role that STIs, including repeated STIs, have on this risk. In addition to potential immunological mechanisms, studies from England [28] and the Netherlands [29] incorporating molecular epidemiological methods have identified gonorrhea strains that existed in networks that included both HIV-negative and HIV-diagnosed MSM, and therefore it is also plausible that repeated gonorrhea infection is a marker of continuous sexual risk behavior among HIV-negative MSM in such networks.
It is well established that an STI diagnosis, including any one of syphilis, rectal chlamydia, or rectal gonorrhea, is indicative of suitability for HIV preexposure prophylaxis (PrEP) [30] , and our data further support this. There is evidence that STIs may be increasing among some MSM using HIV PrEP [31] and further evidence of concentration of STIs among MSM with repeated infections [32] . Although difficult to quantify at this point, our data suggest that there may be important implications regarding HIV vulnerability for these MSM if they cease PrEP use or are not fully adherent to PrEP dosage recommendations.
Despite our study having strengths relative to previous studies, including analyzing the independent effects of cumulative diagnosis of STIs previously associated with increased risk of HIV and behavioral risk, there are limitations. Identifying an individual's movement between clinic sites was not possible, and therefore the analyses do not include individuals' tests and diagnoses that occurred between sentinel clinics or at clinics outside the sentinel network. Our data were also collected from high-HIV caseload clinics in innerurban areas. These clinics diagnose a substantial percentage of jurisdictional HIV cases, and our results may not be generalizable to MSM attending general practices without a focus on sexual health or services in outer-suburban or regional areas. The lagging methodology utilized temporally separates the possibility of HIV infection preceding an STI; however, it is possible that an STI may have been diagnosed in the very early stages of HIV infection before seroconversion. Finally, we have assumed that censoring was noninformative, in that MSM who stopped testing did not have an increased risk of HIV infection due to increased risk behaviors. Due to the open nature of the surveillance system compared with a specifically recruited cohort, we did not analyze factors associated with loss to follow-up.
CONCLUSIONS
There is a limited understanding of the long-term impact of repeated bacterial STIs on HIV infection risk among MSM.
Using data from high-HIV caseload clinics, we found that a cumulated history of rectal gonorrhea infection increased risk of subsequent HIV infection among MSM, and this relationship was independent of other STI diagnoses and sexual behaviors. These findings suggest that MSM with a history of rectal gonorrhea, and particularly repeated rectal gonorrhea infection, represent a high-risk group for HIV infection and further support STIs as a marker of MSM who should be offered HIV PrEP. Additionally, a history of STI diagnoses, particularly repeated rectal gonorrhea, may warrant specific clinical counseling among MSM who self-report suboptimal PrEP adherence or who are considering ceasing PrEP use. Future studies combining longitudinal epidemiological and immunological data may be useful to examine the independent effects of rectal inflammation as a result of STIs and sexual behaviors on HIV infection. Similarly, incorporating molecular epidemiological data into routine surveillance may help better identify how the relationship between STI and HIV infection vulnerability is related to sexual networks.
